Dinoflagellate cysts were used as a proxy for reconstructing the salinity variations during the Holocene in the southwestern Black Sea. The aim of this study was to determine the timing of the reconnection between the Black and Marmara seas. Core GeoB 7625-2, located 50 km northeast of the mouth of the Sakarya River, was sampled with a 200-year resolution between 7.42 and 0.52 ka BP. The lower part of the core was sampled with varying resolution. A distinct change in the dinoflagellate cyst assemblages from freshwater/brackish water to saltwater was observed between ~ 8.25 and ~ 7.97 ka BP, which is ~ 0.6 ka earlier than observed in other dinoflagellate cyst studies. This discrepancy may indicate the diachronous salinification of the Black Sea. The freshwater to brackish water assemblage is dominated by Pyxidinopsis psilata and Spiniferites cruciformis, while the most important euryhaline species are Lingulodinium machaerophorum and cysts of Pentapharsodinium dalei. The average process length of Lingulodinium machaerophorum was used as a salinity proxy. Both proxies suggest a gradual reconnection between the Black and Marmara seas, and these findings confirm earlier studies. Peridinium ponticum is restricted to the Black Sea; abundance fluctuations of this species were controlled by salinity variations and changes in nutrient concentrations. Earlier studies have demonstrated that the 800 to 500 year cycles observed in the sedimentary record are related to the intensity of the discharge of the Sakarya River, and linked to the North Atlantic Oscillations. Cysts of Pentapharsodinium dalei and Spiniferites spp. fluctuated synchronously with the clay layer frequency. The poor preservation of these forms may indicate shelfal transport during periods of intense river discharge. The variation in relative abundance of heterotrophic species does not correlate with the clay layer frequency, since upwelling and nutrient supply also influenced their abundances. Lingulodinium machaerophorum shows the highest relative abundances during periods with reduced river input.
INTRODUCTION
The Black Sea evolved from a freshwater to brackish water lake into a saline sea due to the reconnection with the Marmara Sea during the Holocene (Mudie et al., 2001; Aksu, Hiscott, Mudie et al., 2002; Kerey et al., 2004; Marret et al., 2009 ) (Text- Figure 1 ). The exact timing of the reconnection is a matter of debate. The Marmara Sea-Black Sea reconnection received increasing attention after the publication of the "Noah's Flood Hypothesis" by Ryan et al. (1997) , which postulated a catastrophic flooding of the Black Sea around 7.5 ka BP. This was later changed to 8.4 ka cal BP by Ryan et al. (2003) . According to this hypothesis, the sudden input of saltwater resulted in increased salinity and rapid rise of the water level (Ryan and Pitman, 1998) . This hypothesis was challenged by Aksu, Hiscott, Mudie et al. (2002) , who hypothesized an outflow of brackish water from the Black Sea into the Marmara Sea before sea levels reached the Bosphorus sill depth (the "Outflow Hypothesis"). There has also been debate on the trajectory of the reconnection (Kerey et al., 2004; Yanko-Hombach et al., 2007) . Because the location of core GeoB 7625-2 is close to all the suggested paths of reconnection (i.e. the Bosphorus and Izmıt Gulf-Lake Sapanca-Sakarya Valley waterway), the event should be registered earlier in the area studied than in more remote areas (Text- Figure 1 ).
Late Quaternary dinoflagellate cysts are important indicators of changes in surface water salinity in the Black Sea (Wall and Dale, 1973; Mudie et al., 2001; Mudie et al., 2002; Marret et al., 2009 ). This study aims to reconstruct Holocene paleoecological changes in the southwestern Black Sea by using variations in the dinoflagellate cyst assemblages and morphological changes of Lingulodinium machaerophorum as sea-surface salinity (SSS) indicators. The processes of Lingulodinium machaerophorum are progressively reduced in length or become bulbous in response to lower salinities (Lewis and Hallett, 1997) .
OCEANOGRAPHY AND CLIMATOLOGY
Today, the Black Sea is the largest anoxic marine basin in the world. It is connected to the Marmara Sea via the Bosphorus Strait, which in turn is connected by the Dardanelles Strait to the Mediterranean Sea. The abyssal plain covers more than 60% of the total surface, and the average depth is 1240 m (Ross and Degens, 1974) . The large continental shelf in the northwestern Black Sea reduces in width in a southerly direction. The flat topography of the shelf is deeply incised by the Sakarya canyon (Text- Figure 1 ), where the water depth increases from 100 to 1500 m.
The circulation of the surface waters in the Black Sea is dominated by western and eastern gyres, which cover virtually the entire basin (Stanev, 2005) . The narrow Rim Current flows counterclockwise and encloses both gyres. Anticyclonal eddies are present along the coast . Three distinct water masses are distinguished. These are a low salinity (17-20 psu), well- (Murray, 1991) . The oxic-anoxic boundary can change by several tens of meters in a few years . The salinity of the upper water mass is almost half that of the Mediterranean Sea because of the intense river discharge and the restricted oceanic connection (Yanko-Hombach et al., 2007) . The water exchange between the Black and Marmara seas occurs via the Strait of Bosphorus as a two-layer water flow (Latif et al., 1992) . The cooler (5-15°C) and less saline (17-20 psu) surface water mass from the Black Sea flows westward (Özsoy et al., 1995; Polat and Tuoerul, 1996) , and forms a 25-100 m thick surface layer in the Black, Marmara and Aegean seas (Besiktepe et al., 1994) . The bottom current in the Bosphorus is the eastwardsflowing warmer (15-20°C) and more saline (38-39 psu) mixed Marmara Sea and Aegean Sea water (Özsoy et al., 1995; Polat and Tuoerul, 1996) . This denser water flows eastwards, cools above the southwestern Black Sea shelf, is diluted by mixing with a cold water layer at about 100 m, and sinks below the pycnocline towards the abyssal plain (Özsoy et al., 1995) .
According to Cullen and de Menocal (2000) , Turkes and Erlat (2003), and Felis et al. (2004) , the climate on Anatolia is considerably affected by the Arctic Oscillation/North Atlantic Oscillation (AO/NAO). The present-day AO/NAOrelated precipitation anomalies on Anatolia are negative during positive AO/NAO phases, and positive during negative AO/NAO phases (Turkes and Erlat, 2003) . According to Lamy et al. (2006) , the 800-500 year cycles reflected in the clay layer frequencies in core GeoB 7625-2 are a reflection of the precipitation conditions in Anatolia. The SSS is positively influenced by the Bosphorus inflow, and decreases due to precipitation and river inflow (Kara et al., 2008) . The surface water temperature (SST) has been correlated with the variability of surface air temperature, which is strongly linked to the meridional component of the surface wind. The latter was in turn correlated to the NAO index by Kazmin and Zatsepin (2007) .
MATERIALS AND METHODS
Gravity core GeoB 7625-2 (41°26.7'N, 31°04.0'E) was collected during the R/V Meteor Cruise 51-4 in 2001, and is located 50 km northeast of the mouth of the Sakarya River in a water depth of 1242 m (Text- Figure 1 ). The core is 792 cm long (Jørgensen et al., 2003) . The uppermost 33.5 cm were not recovered. The site is located on a topographically elevated ridge on the continental slope, away from the pathways of turbidity currents .
Ages obtained by 14 C-AMS dating on the nearby core GeoB 7622-2 (Text- Figure 1) were transferred to the uppermost 624 cm of core GeoB 7625-2 by a visual correlation of the distinctive lamination pattern by Lamy et al. (2006) (Text-Figure 2 ; Table 1 ). These 14 C-AMS dates are from well-preserved shells of the larval stage of the shallow marine mollusc Mytilus galloprovincialis. A well-known ash layer related to the Minoan eruption of Santorini (Guichard et al., 1993) was also recognized by Lamy et al. (2006) . The age of the GeoB 7625-2 core top was calculated using the method illustrated in Appendix 1. The 14 C ages of the section below 624 m in core GeoB 7625-2 (725-624 cm), were transferred from the nearby core MD04-2760 (Text- Figure 1 ). These 14 C dates were measured on gastropods and ostracods by Kwiecien et al. (2008) , and the correlation is based on the calcium record (Text- Figure 3 ; Table 1 ).
The Late Glacial to Holocene sediments of the Black Sea are divided into three lithological units (Ross and Degens, 1974; Hay et al., 1991) (Text-Figure 2 ). The oldest Unit 3 (base-633 cm) consists of lacustrine clays with sporadic centimeter-scale laminations. The clays were deposited during the freshwater/brackish water lake stage of the Black Sea before ~8.14 ka BP. Unit 2 (633-384 cm) was deposited between ~8.14 and 3.05 ka BP and is characterized by finely laminated sapropelic sediments. The uppermost Unit 1 (above 384 cm) is younger than 3.05 ka BP, and consists of finely laminated coccolith ooze. Units 1 and 2 were deposited under anoxic conditions. The core was sampled at 200 year intervals from the top of the core (0.52 ka BP) to 622 cm (7.42 ka BP). Additional samples at irregular intervals were taken between 625 cm (7.68 ka BP) and 680 cm (10.74 ka BP). Forty nine samples with a weight of 1.5 to 3 g were prepared for palynological analysis (Text- Figure 2 ), using the technique of Louwye et al. (2004) . Two or four Lycopodium tablets (batch no. 483216, x = 18,583) were added at the start of preparation for estimating the concentration of palynomorphs in cysts per gram. The treatment involved demineralization with cold hydrochloric acid (6%) and cold hydrofluoric acid (40%) for the removal of carbonates and silicates respectively. The remaining organic fraction was then sieved at 20 μm on a nylon mesh, and mounted with glycerine jelly. A minimum of 300 dinoflagellate cysts were counted from each sample. Representative dinoflagellate cyst species are illustrated in Plates 1-3. All photomicrographs were taken with a Zeiss AxioCam MRc5 camera mounted on a Zeiss Axioskop 2 Plus microscope. The slides are housed in the collection of the Research Unit Palaeontology, Ghent University, Belgium. The morphological variation of Lingulodinium machaerophorum was studied by measuring the three longest processes on 50 cysts per sample. The longest processes are chosen for three reasons. Firstly, the longer processes reflect unobstructed growth during formation of the cyst. Secondly, since only a restricted number of processes are measurable per cyst, it is necessary to have a consistent approach by choosing the longest processes. Thirdly, the largest variation is obtained by choosing the longest processes, and this provides a more accurate proxy.
Lingulodinium machaerophorum var. clavatum is a species with bulbous processes indicative of low salinities (Lewis and Hallett, 1997) . The Lingulodinium machaerophorum var. clavatum:total Lingulodinium machaerophorum ratio is used herein as a proxy for salinity variation, by comparison of the trend to the process length variation of Lingulodinium machaerophorum.
The taxonomy used follows Rochon et al. (1999) and Fensome and Williams (2004) , and the forms recognized are listed in Appendix 2. Spiniferites ramosus sensu lato includes Spiniferites bulloideus and Spiniferites delicatus. Spiniferites belerius is grouped with Spiniferites membranaceus sensu lato (Plate 3, fig. 9 ). Selenopemphix quanta sensu lato includes cysts of Protoperidinium nudum (Plate 1, fig. 9 ); in the dinoflagellate cyst counts they are shown separately as Selenopemphix quanta sensu stricto and cysts of Protoperidinium nudum respectively (Table 2) .
RESULTS

Relative Abundance Data and Zonation
Thirty-nine dinoflagellate cyst species were identified in core GeoB 7625-2, including the organic membrane of the calcareous dinoflagellate Scrippsiella trifida (Plate 2, fig. 9 ; Table 2 ). Pyxidinopsis psilata (Plate 3, fig. 3 ) and Spiniferites cruciformis (Plate 3, figs. 7, 8) Figure 6 ). The most abundant species is Pyxidinopsis psilata, with a relative abundance of 92% at the base of the core and 35% at the upper boundary. The freshwater/brackish water species Spiniferites cruciformis (see Kouli et al., 2001 ) has a relative abundance of 3% at the base of the core at 680 cm (10.74 ka BP), and of 25% at the top of the zone (632 cm, 8.08 ka BP). Zone 1 is the only interval in which the protoperidiniod cyst Selenopemphix nephroides (Plate 2, fig. 1 ) was found (< 3%). Other rare (< 1%) species in this interval are Brigantedinium spp. (including Brigantedinium cariacoense, Brigantedinium simplex, and round brown cysts), Lingulodinium machaerophorum, and Tectatodinium pellitum (Plate 3, fig. 6 ). Spiniferites spp. have a relative abundance of less than 1% throughout most of the zone, except in the uppermost samples, where high proportions (30%) are present. Zone 2, between 630 and 591 cm, was deposited between 7.97 and 6.03 ka BP (Text- Figure 5 ). The upper boundary is defined by the marked increase of Lingulodinium machaerophorum. Zone 2 is dominated by cysts of Pentapharsodinium dalei, Spiniferites membranaceus sensu lato, and Spiniferites ramosus sensu lato. These species have maxima of 31%, 25%, and 30% respectively. Spiniferites bentorii occurs in low numbers (< 5%) and Spiniferites mirabilis has a lowest occurrence at 610 cm. Spiniferites spp. indet. comprises poorly-preserved specimens, and has a maximum relative abundance of 58% in this zone. The relative abundance of Lingulodinium machaerophorum fluctuated between 4 and 34%. The relative abundance of the brackish water species Pyxidinopsis psilata is 4% at the base of Zone 2 (630 cm; 7.97 ka BP), and is reduced to less than 2% higher in the core. Spiniferites cruciformis has a relative abundance of 2% at the base of Zone 2, and of < 1% throughout the remainder of the zone. The heterotrophic species are represented by Brigantedinium spp., Dubridinium caperatum (Plate 1, fig. 5 ), and Gymnodinium nolleri/microreticulatum (Plate 1, fig. 8 ). Peridinium ponticum is present sporadically.
Zone 3 comprises samples 587 to 410, and was deposited between 5.93 and 3.23 ka BP (Text- Figure 5 ). Lingulodinium machaerophorum dominates this zone with maximum relative abundance values of 70 to 90%. The relative abundance of the cysts of Pentapharsodinium dalei reaches a maximum of 57% at 564 cm (5.37 ka BP). The fluctuations of the relative abundance of this species Lamy et al. (2006) . Below 624 cm, 14 C dates were measured on core MD04-2760 by Kwiecien et al. (2008) and transferred to GeoB 7625-2 based on the calcium record of both cores.
are perfectly asynchronous with the relative abundance variations of Lingulodinium machaerophorum. Spiniferites membranaceus sensu lato occurs in abundances of < 10%, and is the most abundant species of Spiniferites. Operculodinium centrocarpum sensu Wall and Dale (1966) and Spiniferites mirabilis become a persistent part of the dinoflagellate cyst assemblage, although their relative abundances remain low (< 4% and 2% respectively). fig. 4 ). Peridinium ponticum has a maximum of 12% at 503 cm (4.12 ka BP), while the other species occur in low relative abundances of less than 3%. Zone 4 comprises samples 392 to 302 (3.11-2.45 ka BP) (Text- Figure 5 ), and its lower boundary is defined by the distinct increase of Scrippsiella trifida (Text- Figure 4 ). This species dominates this zone with a highest value of more than 30%. The intervals of decreasing numbers of Scrippsiella trifida are characterized by relative increases of the cysts of Pentapharsodinium dalei. Lingulodinium machaerophorum is less abundant in comparison to Zone 3, and its relative abundance fluctuates between 20 and 30%. The relative abundances of Spiniferites species are higher than in Zone 3. Peridinium ponticum, cysts of 
PLATE 1
The photomicrographs were taken using transmitted light. The scale bar represents 10 μm, and the slide numbers and England Finder coordinates are quoted for each specimen. fig. 2 ) form a persistent, but minor part of the dinoflagellate cyst assemblage. Zone 5 is the uppermost zone (261.5-0 cm), and its boundaries are dated as 2.32 and 0.52 ka BP (Text- Figure  5 ). The dinoflagellate cyst assemblage of Zone 5 is characterized by three dominant species: Lingulodinium machaerophorum, cysts of Pentapharsodinium dalei and Peridinium ponticum. Their relative abundances display large fluctuations. Scrippsiella trifida represents < 5% of the assemblage. Spiniferites membranaceus sensu lato has highest relative abundances of 10%. Operculodinium centrocarpum sensu Wall and Dale (1966) occurs in small numbers. The heterotrophic species Brigantedinium spp., cysts of Polykrikos kofoidii/schwartzii, and cysts of Protoperidinium stellatum are persistently present although in low numbers. Gymnodinium nolleri/ microreticulatum displays two prominent peaks of 9% and 11%, followed by rapid declines to < 1%. Diplopelta symmetrica sp. 1 (Plate 2, fig. 5 ), Diplopelta symmetrica sp. 2 (Plate 2, fig. 6 ), Echinidinium delicatum (Plate 1, fig.  6 ), Echinidinium transparantum, Lejeunecysta marieae (Plate 1, fig. 2 ), Selenopemphix quanta sensu lato and Xandarodinium xanthum were recorded sporadically in Zone 5.
BIOSTRATIGRAPHIC CORRELATION
The biozonation proposed by Marret et al. (2009) for Core M02-45 (piston core M02-45P and trigger-weight core M02-45TWC) (Text- Figure 5 ) can be correlated with the biozonation presented herein (Text- Figure 5 ). The dinoflagellate cyst assemblages in both cores are similar. Pyxidinopsis psilata and Spiniferites cruciformis dominate the dinoflagellate cyst assemblages before the incursion of saline waters while Lingulodinium machaerophorum dominated after the inflow of saline waters. The transitional Zone 2 dominated by Spiniferites was observed in both cores between the freshwater/brackish water interval and the dominance of Lingulodinium machaerophorum. According to the interpolated 14 C-AMS ages, the decline of the freshwater/brackish water dinoflagellate cysts started at 7.6 ka BP in Core M02-45, and the assemblage was marine at ~7.0 ka BP ± 60 years. In core GeoB 7625-2, the decline of the freshwater/ brackish dinoflagellate cyst assemblage started at 8.25 ka BP. The dinoflagellate cyst association in core GeoB 7625-2 was almost fully marine (95%) at 7.97 ka BP (630 cm) 5) .
Morphological Variation of Process Lengths of
Lingulodinium machaerophorum
The three longest processes of 50 Lingulodinium machaerophorum specimens in 37 samples were measured. However, poor preservation or low abundance hindered measurements in certain samples. A total of 4,778 processes were measured. The changes in process length variation show some fluctuations (Text- Figure 6 ). The process length increased gradually to 14.4 μm at 503 cm (4.12 ka BP). After this, the process length variation ranged between 13-16 μm, except for two reductions at 2.78 ka BP (347 cm) and 1.32 ka BP (64 cm).
The average process length is 13.15 μm, while the average body diameter is 47.41 μm. There is no significant relationship between variation in body diameter and process length. The size-frequency spectrum of all measurements shows a unimodal curve, centered around an average of 13.15 μm (Text- Figure 7) , which suggests that the variations in the sediment are linked to variations in process length of a single morphotype of Lingulodinium 
PLATE 2
The photomicrographs were taken using transmitted light. The scale bar represents 10 μm, and the slide numbers and England Finder coordinates are quoted for each specimen. 
PLATE 3
The photomicrographs were taken using transmitted light. The scale bar represents 10 μm, and the slide numbers and England Finder coordinates are quoted for each specimen.
6
Tectatodinium pellitum, combined high focus and optical section, dorso-lateral view, slide 591, C36/2. 7
Spiniferites cruciformis, high focus, dorsal view, slide 680, L47/0. 8 Spiniferites cruciformis, low focus, ventral view, slide 680, L47/0. 9
Spiniferites membranaceus, combined photomicrographs of optical section, slide 539, C32/0.
Text- Figure 6 . The variation in the relative abundance of Lingulodinium machaerophorum, the relative abundances of heterotrophic species, the Shannon-Wiener diversity index, the relative abundances of Peridinium ponticum, the 'Lingulodinium machaerophorum var. clavatum/ Lingulodinium machaerophorum var. clavatum + Lingulodinium machaerophorum s.s.' ratio (L. mach var. clav/L. mach), and the Lingulodinium machaerophorum process lengths. The few badly preserved Lingulodinium machaerophorum specimens at 660 and 680 cm are probably not in situ, and their process length measurements should not be considered as representative (indicated by a dashed line).
machaerophorum. Another method of assessing the reliability of process length as a salinity proxy is to compare the Lingulodinium machaerophorum var. clavatum (Plate 3, fig. 4 ) versus Lingulodinium machaerophorum ratio with the curve of the process lengths. Since the morphotype Lingulodinium machaerophorum var. clavatum is more abundant in less saline (> 7-10) waters (Lewis and Hallet, 1997) , a higher ratio during periods of smaller processes is expected, which is actually the case (Text- Figure 6 ).
DISCUSSION The Black Sea-Mediterranean Sea Reconnection from a Dinoflagellate Cyst Perspective
This high resolution dinoflagellate cyst study on core GeoB 7625-2 enabled an assessment of the timing of environmental changes in the surface waters of the southwestern Black Sea during the Holocene to be made. Five major successions of dinoflagellate cyst associations are distinguished, and all are related to changes in surface water conditions. The lowermost Zone 1 occurs from the base of the core to 8.08 ka BP (632 cm) (Text- Figure 5) , and is characterized by the stenohaline, freshwater/brackish water to freshwater taxa Pyxidinopsis psilata and Spiniferites cruciformis (Text- Figure 4) . The low relative abundances of Lingulodinium machaerophorum with short processes at and before 8.25 ka BP (635 cm) assumes that the salinity level of the Black Sea was between 7 and 12 psu before the time of reconnection. The limit of 12 psu corresponds to the upper limit of the modern distribution of Spiniferites cruciformis in the Caspian Sea (Marret et al., 2004; Leroy et al., 2007) , and Pyxidinopsis psilata in the Baltic Sea (Yu and Berglund, 2007) . The decreasing relative abundance of Pyxidinopsis psilata through Zone 1, together with an increase in Spiniferites cruciformis, is interesting. An explanation of this is problematic. The occurrence of Pyxidinopsis psilata in the Baltic Sea may be an indication of colder conditions. This species also occurs in low numbers in the Caspian Sea (Marret et al., 2004) . The decreasing relative abundance of Pyxidinopsis psilata could therefore be a result of slow warming during the Early Holocene (Kraft, 1971) . The appearance of Operculodinium centrocarpum sensu Wall and Dale (1966) and Spiniferites spp. indet. at 8.25 ka BP (635 cm) may be the result of the initial reconnection between the Black and Marmara seas which indicates a changing environment. A prominent change in the dinoflagellate cyst assemblages was observed at 8.08 ka BP (632 cm), where 60% of the assemblage consists of the freshwater/brackish water species Pyxidinopsis psilata and Spiniferites cruciformis. At this time, 30% of the assemblage consisted of Spiniferites spp. (exclusive of Spiniferites cruciformis), while at 7.97 ka BP (630 cm) their relative abundances increased to 87%. This is an indication of environmental change and possibly unstable conditions caused by the onset of the reconnection of the Black and Marmara seas. The short and membranous processes of the Spiniferites species, together with the short process length of Lingulodinium machaerophorum (6.9-5.4 μm), are indicators of a low salinity environment at this time (Lewis and Hallett, 1997; Ellegaard, 2000) . The intrusion of saline waters led to a decline of the freshwater/ brackish assemblage, which disappeared almost completely at 7.8 ka BP (627 cm).
Possible Diachroneity in the Salinification of the Black Sea
These findings indicate that the transition from a freshwater/brackish water to a marine assemblage started after 8.25 ka BP at a core depth of 635 cm (Text- Figure 5 ). The freshwater/brackish water assemblage in M02-45 started to decline at 7.6 ka BP, and this implies diachroneity in the salinification of the Black Sea of ~0.6 ka. However, a comparison of 14 C dates based on gastropods, mollusks, or ostracods can imply significant uncertainty. Despite this possible error, the dinoflagellate cyst associations were fully marine at 630 cm, 6 cm below the lowermost 14 C dating on mollusks of 7.625 ka BP at 624 cm. Since the decline of the freshwater/brackish water association in core GeoB 7625-2 starts between 635 and 632 cm, the diachroneity in the salinification of the Black Sea was a real phenomenon. This does not support a catastrophic reconnection (Ryan et al., 1997; which implies a rapid and synchronous salinity increase. The reason for an earlier salinification, and a possible shorter transition period, could be the direct influence of the eastward-flowing saline plume from the Bosphorus entrance (Text- Figure 1 ). This earlier salinification in the present area of study would be independent of the pathway of the reconnection, i.e. through the Bosphorus Strait or through the Sakarya River valley. A reconnection through the Sakarya valley waterway would obviously result in an earlier salinification, given the nearby location of the area of study (Text- Figure  1) . A reconnection through the Bosphorus would also result in an earlier effect on the area of study because of the eastward-flowing salinity plume, which flows above the southwestern Black Sea shelf and sinks to the abyssal plain near the Sakarya Canyon (Özsoy et al., 1995) . The average process length of Lingulodinium machaerophorum can be related to SSS variations (e.g. Lewis and Hallett, 1997) . The findings herein confirm these observations. A non-catastrophic reconnection is also supported by the observed process length of Lingulodinium machaerophorum, which increased gradually from 8.25 to 4.12 ka BP (635 to 503 cm respectively) (Text- Figure 6 ).
Dinoflagellate Cyst Assemblages and River Dynamics during the Holocene after the Reconnection
The variation of the relative abundances of cysts of Pentapharsodinium dalei and Spiniferites shows similar fluctuations with the clay layer frequency values. The latter fluctuations are, according to Lamy et al. (2006) , related to the precipitation regime in Anatolia (Text- Figure 8 ). Precipitation is high during periods with a negative AO/NAO index, and this results in a stronger river discharge and higher clay layer frequency values. The aforementioned species mostly have highest relative abundances during these periods. One exception occurs at 3.35 ka BP (Text- Figure 8) . Here, the poor preservation of the cysts of Pentapharsodinium dalei and Spiniferites spp., together with their synchronous fluctuations with the clay layer frequency curve, suggest that the fluctuations resulted from transport from the shelf into the depositional area. The relative abundances of cysts of heterotrophic species were not synchronous with clay layer frequencies, which indicates that the signal could result from a combined river and/ or upwelling induced supply of micronutrients.
Periods of high relative abundances of Lingulodinium machaerophorum match with low relative abundances of cysts of Pentapharsodinium dalei and Spiniferites spp. Possibly, more turbulent conditions caused by an increasing amount of freshwater from the Sakarya River could have lead to a decrease in the relative abundances of Lingulodinium machaerophorum. The highest relative abundances of this species were recorded during periods of low river input (Text-Figure 8) . The higher dinoflagellate cyst concentrations during periods of lower river discharge are not necessarily related to higher productivity, but can also be induced by a lower terrigenous input. For example the extremely high absolute abundances of Lingulodinium machaerophorum between 5.93 and 5.66 ka BP (587-576 cm) are most likely exaggerated because of the low terrigenous input by river discharge, indicated by the low clay layer frequency (Text- Figure 8) .
Influence of the Sakarya River Discharge on Salinity
There is no unequivocal relation between the salinity values estimated from Lingulodinium machaerophorum process lengths and the river discharge, as deduced from the clay layer frequencies (Text- Figure 8 ). This indicates that salinity in this area was not only controlled by the river input, but also by oceanographic changes such as variable input of Mediterranean waters through the Bosphorus. It is furthermore highly probable that the clay layer frequency record might be influenced by onshore tectonic activity such as earthquakes and landslides.
Peridinium ponticum Relative Abundances and Salinity
The relative abundance of Peridinium ponticum, which according to Dale (1996) could be considered as a possible brackish water cyst, increased up-section and fluctuated (Text- Figure 6 ). These fluctuations are synchronous with the Lingulodinium machaerophorum process length variations, related to changes in salinity. A remarkable observation is the more pronounced amplitude of the Peridinium ponticum fluctuations compared to this process length variation. Since Peridinium ponticum is heterotrophic, nutrient availability in the upper waters also influences its abundance. For example, the maximum peak of Peridinium ponticum at 4.12 ka BP (503 cm) occurred during a period of high salinity and a high clay layer frequency together with a high nutrient input by river discharge (Text- Figures  6, 8) .
Peridinium ponticum relative abundances were high when both the clay layer frequencies (= nutrient input) and the process lengths of Lingulodinium machaerophorum were high. The fluctuations are less obvious when the clay layer frequencies were low during a salinity optimum. When the clay layer frequency record shows high values during a period of decreasing salinity, Peridinium ponticum was virtually absent, which might indicate that salinity plays a major role in the abundance of this species.
CONCLUSIONS
The high resolution dinoflagellate cyst record enables the determination of the first marine intrusion caused by the reconnection of the Black and Marmara seas. The dinoflagellate cyst assemblages indicate a marked change from freshwater/brackish water to more saline conditions, starting after 8.25 ka BP. At 7.97 ka BP, the dinoflagellate cyst assemblages off the mouth of the Sakarya River consist almost exclusively of marine or euryhaline species. Because of the limited knowledge of the freshwater/ brackish water taxa Pyxidinopsis psilata and Spiniferites cruciformis, the exact conditions during the freshwater/ brackish water stage of the Black Sea before the reconnection cannot be elucidated at present. The limited occurrence of Lingulodinium machaerophorum before the reconnection, and the current environmental characteristics of Pyxidinopsis psilata and Spiniferites cruciformis suggest a salinity between 7 and 12 psu.
The diachroneity of the salinification of the Black Sea and the process length variation of Lingulodinium machaerophorum point to a non-catastrophic reconnection, contrasting with the Noah's Flood Hypothesis of Ryan et al. (1997; . The earlier and shorter duration of the transition from freshwater/brackish water to more saline conditions in the area of study compared to the area west of the Bosphorus entrance (Marret et al., 2009) , probably resulted from a direct influence of the saline plume in this area. Relative abundances of Peridinium ponticum fluctuated synchronously with the Lingulodinium machaerophorum process length variation. The abundance of Peridinium ponticum was therefore related to salinity, although the amount of available nutrients also played an important role in its concentration. Periods with low river input were characterized by abundant Lingulodinium machaerophorum, whereas periods with a higher terrigenous input were marked by increasing abundances of cysts of Pentapharsodinium dalei and Spiniferites spp. The preservation of the latter forms, in comparison with other dinoflagellate cysts, indicate that this is at least partly the result of transport from the shelf.
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Text- Figure 8 . Detrended curves (real values minus the corresponding estimated value by linear regression) which represent variations in the Lingulodinium machaeorophorum process lengths, the relative abundances of Lingulodinium machaerophorum, the relative abundances of heterotrophic species, the relative abundances of cysts of Pentapharsodinium dalei, the relative abundances of Spiniferites species, the relative abundances of cysts of Pentapharsodinium dalei + Spiniferites species and the clay layer frequencies measured by Lamy et al. (2006) . The clay layer frequencies were calculated for 200-year intervals shifted in 50-year steps along the record. The resulting frequency curve was detrended by subtracting a 1,000-year moving average . 
